The anterior cruciate ligament (ACL) is the most common ligamentous knee injury and often is encountered in those participating in multidirectional sports.[@bib1], [@bib2] Injuries to the ACL can leave the patient with a greater risk of meniscal tears, chondral injury, and progression to osteoarthritis, with continued play.[@bib3]

ACL reconstruction is the most commonly performed knee ligament reconstruction and employs a variety of surgical techniques.[@bib4] However, despite high success rates, it is still challenged by residual laxity and graft rupture.[@bib5]

To help address and prevent future ACL failures, new repair and reconstruction techniques have been employed that incorporate suture augmentation.[@bib6], [@bib7], [@bib8] The goal of augmentation is to protect the newly repaired or reconstructed ligament during rehabilitation.[@bib9], [@bib10], [@bib11] Studies and results are, however, sparse in the literature and more specifically have mainly been used for repair.[@bib12] To our knowledge, only one publication has evaluated the use of suture tape augmentation with reconstruction.[@bib7] Our goal of this article is to provide a surgical technique for suture tape augmentation in ACL reconstruction.

Surgical Technique {#sec1}
==================

Examination under anesthesia demonstrates ACL insufficiency. A standard arthroscopy is performed, and ACL tear is confirmed ([Video 1](#appsec1){ref-type="sec"}).

Graft Preparation {#sec1.1}
-----------------

A standard bone patellar tendon bone autograft is harvested through an anterior incision using 20- to 25-mm bone plugs for autografts. Alternatively, for allograft, Achilles allograft with bone block is obtained. The graft is then sized and prepared by drilling a 2-mm hole through the superior plug (and inferior bone plugs for autograft). Suture tape is then tied around the distal end of the femoral bone block and passed to the planned anterior aspect of the graft with a free needle. These tails will serve as our suture tape augmentation. A second suture tape is then passed through the superior holes (and inferior bone block for autograft) to assist in graft passage ([Figs 1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}).Fig 1Patient in supine position, right knee, viewing from the anterior lateral portal. (A) Suture tape is passed through the predrilled, 2-mm hole on the planned femoral aspect of the bone block and tied around the planned proximal posterior end of the bone block. (B) A separate passing suture is passed through the same 2-mm planned femoral bone block hole. (C) The tails of the suture tape from (A) are passed back through the graft, as seen in the image. These tails will be fixed in the tibial tunnel, whereby they will span the graft and function as the suture augmentation.Fig 2The final ACL graft with suture augmentation construct. White arrow: The planned femoral aspect of the graft. Green arrow: Passing sutures of the planned femoral aspect of the graft. Red arrow: Passing suture of the planned tibial aspect of the graft. Blue arrow: Tails of the suture augmentation. (ACL, anterior cruciate ligament.)

Graft Passage {#sec1.2}
-------------

A standard femoral tunnel is made through the anterior medial portal and antegrade drilling is used for the tibia. The graft is then passed through the tibial tunnel and secured with an interference screw into the femur. The suture tape augmentation tails (previously marked) are then retrieved from the anterior medial portal. The graft is then cycle and isometric point is confirmed. The knee is the placed into near full extension with posterior drawer. The tibial side of the graft is then secured with interference screw while maintaining appropriate tension ([Fig 3](#fig3){ref-type="fig"}).Fig 3These images are taken from the anterior lateral portal with the patient\'s right knee in 90° of flexion, patient in supine position. (A) The orange arrow points to the femoral tunnel where the ACL graft has been fixed using an interference screw. The blue arrow points to the ACL graft. The tibial tunnel is in the inferior portion of the image. The suture tape is retrieved through an anterior medial portal (white arrow). (B) A suture wire is passed through the tibial interference screw and is retrieved via the anteromedial portal. (C) The suture tape is pulled through the tibial interference screw using the suture wire. (ACL, anterior cruciate ligament.)

Suture Tape Augmentation Fixation {#sec1.3}
---------------------------------

A nitinol suture wireloop is then inserted through the cannulation of the tibial interference screw. The suture tape augmentation tails are taken out. The internal brace sutures are then passed through the retriever and then the wire is pulled out through the tibial screw. Again, isometry is then checked, and the tails are tied over a small metal button that is place directly over the tibial interference screw within the tibial tunnel. Avoiding full extension of the knee, square knots are then placed sequentially to secure the button in a manner so as not to overconstrain the knee. The suture augmentation and graft are then checked with arthroscopy to confirm appropriate tension. The augmentation should not be tighter than the graft ([Fig 4](#fig4){ref-type="fig"}).Fig 4Patient in supine position, right knee, viewing from the anterior lateral portal. An extra-articular image of the tibial aspect of the final construct. Pink arrow: the bone block, which has been fixed in the tibial tunnel. Green arrow: The tibial interference screw, which has fixed the bone block in place. Blue arrow: a metallic button, which rests on top of the tibial interference screw. Red arrow: The tails of the suture tape, which have been tied down over the button, and are now fixed in place.

Discussion {#sec2}
==========

With ACL injuries growing more common, so too are ACL reconstructions to aid patients in returning to sporting activities. Re-ruptures and residual laxity continue to be a challenge for patients and surgeons to address. We feel that suture tape augmentation can provide added support to the reconstruction that may allow for quicker recovery without risking graft failure. The results of our suture tape augmentation demonstrate lower failure and revision surgery rates of conventional primary ACL reconstruction.[@bib13], [@bib14] In addition, recent studies have shown improved repair with suture augmentation in the animal model as well as ankle and elbow instability.[@bib15], [@bib16], [@bib17] Specifically, Bachmaier et al.[@bib18] evaluated the use of suture tape augmentation in the setting of ACL reconstruction with a biomechanical study. Their group found load sharing and protective effects of the suture tape augmentation. They found the presence of the suture tape prevented graft elongation, further supporting the basis of graft protection during healing and maturation.

As the goal of this article is more a description of a surgical technique, there are limitations in its comparison and evaluation ([Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"}). There is no randomization or control group with which to compare the suture tape augmentation. Future studies can be aimed to address these limitations and provide more insight to the advantages and disadvantages of suture tape augmentation. In summary, this is a safe technique without significant added time or complications of graft failure or arthrofibrosis.Table 1Advantages and Disadvantages of ACL Reconstruction Using Internal Brace AugmentationAdvantagesDisadvantages• Protects graft during rehabilitation\
• Limits peak forces on the graft\
• Tensioned independently from ACL reconstruction\
• Can be used with both autograft and allograft reconstruction• Theoretical risk for overconstraining if overtensioned\
• Graft may not see peak forces and may be shielded\
• No long-term comparison clinical outcome data[^1]Table 2Indications, Pearls, and Pitfalls of ACL Reconstruction With Internal Brace AugmentationIndicationsPearlsPitfalls• Primary ACL reconstruction with auto or allograft• Mark suture tape to identify from graft passage sutures\
• Use cannula to avoid soft-tissue bridge• Overtensioning the internal brace• Adult and adolescent patients• Cycle, tension, and fix the graft then cycle and tension the internal brace at the isometric point• Keep internal brace anterior to graft to have better visualization to view tension[^2]

Supplementary Data {#appsec1}
==================

Video 1Arthroscopic ACL reconstruction with suture tape reconstruction allows for protection of the graft from excessive forces during healing and ligamentization. This video demonstrates the following processes: (1) Installation of the suture tape augmentation on a standard bone patellar-tendon bone autograft. (2) Passage of the suture tape tails following standard ACL reconstruction. Video is taken from the anterolateral portal with the right knee in 90° flexion, patient in supine position. (3) Fixation of the suture tape augmentation using a metallic button. (4) Arthroscopic visualization of the completed construct and verification of proper position and tension of the suture tape augmentation. (ACL, anterior cruciate ligament.)ICMJE author disclosure forms
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[^1]: ACL, anterior cruciate ligament.
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